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Abstract African sharptooth catfish Clarias gari-
epinus has been spread globally and is proven to be
invasive with demonstrable impacts on a variety of
biota in recipient ecosystems. There are concerns that
this species will invade headwater stream communi-
ties that are already considered fragile and heavily
impacted by non-native invasive fishes. There is
however no information on the ability of C. gariepinus
to penetrate or establish in these environments. This
paper uses data collected over a seven year period
from three episodic headwater streams in the Cape
Floristic Region of South Africa to assess the ability of
C. gariepinus to invade headwater habitats from
downstream source populations. Data demonstrate
that C. gariepinus invaded all three headwater tribu-
taries and was able to penetrate previously non-
invaded threatened fish refugia. Clarias gariepinus
however failed to establish in headwaters and their
presence was casual with individuals migrating from
mainstem sources. Headwater incursions were
dynamic and C. gariepinus reinvaded streams follow-
ing their extirpation through drought. These results
indicate headwater streams to be invasible by
C. gariepinus and an assessment of potential impact
on headwater communities requires urgent attention.
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Introduction
Headwater streams are characterised by low species
diversity but high endemicity, and are critical for the
conservation of aquatic biodiversity (Abell et al.
2007). In the Cape Floristic Region (CFR) of South
Africa, a region of high fish endemicity, headwater
streams are the last remaining refuges for many small
endemic fishes which are threatened by habitat
destruction, pollution and predation from, and com-
petition with non-native fishes (Weyl et al. 2014).
Headwater stream fishes are already threatened by
non-native salmonids and centrarchids (Ellender and
Weyl 2014) and the recent invasion of CFR rivers by
an additional predatory invader the African sharptooth
catfish Clarias gariepinus (Burchell, 1822) is a cause
for concern (Cambray 2003). Clarias gariepinus is an
emerging invader (Vitule et al. 2009) that is rapidly
establishing non-native populations in South Africa
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(Cambray 2003), China (Radhakrishnan et al. 2011)
and Brazil (Vitule et al. 2006). Impacts of introduced
C. gariepinus on invaded ecosystems include direct
predation on native fishes and amphibians and shifts in
invertebrate community structures (Vitule et al. 2008;
Kadye and Booth 2012a, b). Habitat preferences of C.
gariepinus indicate that it has broad physico-chemical
tolerances, but favours slow flowing rivers, flood-
plains, impoundments and lakes (Bruton 1978). While
the species is highly successful in such environments
in its invaded range (e.g. Wartenberg et al. 2013), the
ability of C. gariepinus to invade clear, high gradient
headwater streams is not known. Therefore, the aim of
this study was to use field data collected from three
CFR headwater streams to assess whether C. gariepi-
nus could invade these streams and if so, determine
how far they penetrated upstream during the study
period.
Materials and methods
Over a seven year period C. gariepinus incursions
were monitored in three episodic CFR headwater
tributaries, the Blindekloof (Swartkops River system),
Klein Uie and Coerney streams (Sundays River
system). All three streams are situated in access-
controlled protected areas (Blindekloof Stream in the
Groendal Wilderness Area; Klein Uie and Coerney
streams in Addo Elephant National Park) and their
catchments are near-pristine with no human habita-
tion. As a result, invasions of these streams are most
likely not human mediated and originate from down-
stream sources. In the Swartkops River system C.
gariepinus were first recorded in 1985 and by 2010
this species had penetrated to the lower reaches of a
headwater tributary, the Blindekloof Stream (Ellender
et al. 2011). Follow-up surveys involved a baseline
assessment of 38 sites in November 2011, followed by
repeated monthly monitoring at 15 representative sites
from December 2011 to March 2012. Two pass
snorkelling surveys (undertaken during day and night
at all sites following methods described in Ellender
et al. (2011)) were undertaken (a 400 lumen SL4
eLED dive torch (Underwater Kinetics, California
USA was used for night snorkelling)) and commenced
a minimum of 45 min after sunset. Additional C.
gariepinus distribution data were obtained from
spotlighting surveys conducted on foot between
monitoring sites, using a set route over two consec-
utive nights. Spotlighting involved scanning all pools
between monitoring sites and recording the number of
C. gariepinus. During snorkel and spotlighting sur-
veys, lengths of C. gariepinus were estimated. Clarias
gariepinus were first recorded in the mainstem of the
adjacent Sundays River system in 1981 (Wartenberg
et al. 2013). Incursions of C. gariepinus into two
episodic headwater tributaries (Klein Uie and Coerney
streams) of the Sundays River were monitored from
2007 to 2014. Fish sampling was conducted at eight
sites each on the Coerney and Klein Uie streams in
November 2007, October 2012 and February 2014.
Fish were captured using a combination of gear,
including electrofishing (SAMUS 725G backpack
electrofisher, 0.3 ms pulsed current at 90 Hz), seine
netting and fyke nets (0.5 m mouth diameter) set
overnight. Drought conditions meant that some sites
sampled in 2012 were dry in 2007 and 2014, and could
not be surveyed. All C. gariepinus captured in the
Sundays River system were measured and removed
under stipulated research permit conditions. Clarias
gariepinus were then grouped into 50 mm length
classes and plotted using length frequency (numbers)
histograms. Clarias gariepinus distributional ranges in
relation to previously non-invaded native fish refugia
are graphically illustrated using a stream cross-
sectional diagram showing invaded range over time.
Results and discussion
Clarias gariepinus have been established in the
Swartkops (Ellender et al. 2011) and Sundays (War-
tenberg et al. 2013) mainstems since the 1980s, which
now act as source populations for upstream invasions.
Despite these invasions being characterised by low
abundances and patchy distributions, the species
exhibited potential to spread upstream from the
invasion sources into native fish refugia (Fig. 1). In
the Blindekloof Stream, during the five month mon-
itoring period (November 2011–March 2012), C.
gariepinus progressively invaded upstream and by
March 2012 had invaded 5.2 km upstream (Table 1;
Fig. 1). This invasive ability surpassed that displayed
previously by largemouth bass Micropterus salmoides
(Lacepède, 1802) and smallmouth bass M. dolomieu
(Lacepède, 1802) in the Blindekloof Stream where C.
gariepinus invaded native fish headwater refugia
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(Ellender et al. 2011). In the Coerney Stream, C.
gariepinus reinvaded after being extirpated by drought
in the period 2009–2011 (Table 1; Fig. 1). In 2012 C.
gariepinus penetrated 30.8 km upstream of the inva-
sion source (Fig. 1), an irrigation canal linking the
Sundays River mainstem to the Coerney Stream. After
the downstream reach dried up during the drought, C.
gariepinus was not recorded in the Klein Uie Stream
following the return of surface flow in 2012, but had
reinvaded the stream by 2014 (Table 1). Clarias
gariepinus is a hardy pioneer species capable of long
distance movements in response to an increase in flow.
Van der Waal (1997) reported that C. gariepinus
penetrated[150 km up the seasonally dry Motloutse
River from the mainstem Limpopo River in southern
Botswana. This capability to repeatedly penetrate
seasonally drying streams was demonstrated on both
the Coerney and Klein Uie streams, where C.
gariepinus was re-recorded following an extended
drought. In the Blindekloof Stream unusually high
flows resulting in longitudinal connectivity of usually
disconnected pools during the monitoring period
resulted in increasing numbers of C. gariepinus
progressively moving upstream (Table 1). While C.
gariepinus have the capability of surviving extended
periods of desiccation (van der Waal 1998), all data in
this study point toward repeated invasions from
downstream sources.
Invasions in all three headwater streams appeared
to be casual, with recruitment into the streams
dependent on source populations downstream. All
captured individuals were smaller than reported size at
50 % maturity (540–580 mm TL) (Bruton 1979) and
very few young of the year fish were observed. All
specimens of C. gariepinus fell within a narrow length
range of 109–450 mm TL (Fig. 2), indicating ages of
\5 years (Wartenberg et al. 2013). An established
population of C. gariepinus in the Darlington
Dam displayed a relatively wide range of length
(200–1,200 mm TL) and age (0–25 years) classes
Fig. 1 Range expansion of
Clarias gariepinus into
small Cape Floristic Region
headwater streams
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(Wartenberg et al. 2013), further supporting the
assumption that these headwater populations were
most likely not established.
Key drivers of establishment success may include
propagule pressure (Simberloff 2009), limiting biotic
(food availability) and abiotic factors (river flow
patterns) (Moyle and Light 1996). For example
Woodford et al. (2013) investigated the role of
propagule pressure in driving establishment of
introduced fishes in off-channel ponds fed by water
from the Sundays River via a canal network. Propa-
gules of C. gariepinus passing through this canal
network, also the invasion source on the Coerney
Stream, were far lower than those of species that
regularly established in the ponds [average of 0.13 C.
gariepinus per 106 m3 water sampled (Woodford et al.
2013)]. Limiters of establishment in the surveyed
streams are likely to be a combination of low
propagule pressure and the streams’ episodic nature
(limiting connectivity to invasion sources), although
these factors need to be investigated further.
Despite low levels of invasion, the ability of a
predator such as C. gariepinus to invade Swartkops
and Sundays River system headwater stream environ-
ments is a cause for concern. Headwater stream
segments within the CFR previously considered as
refuge habitats for threatened endemic fishes (Ellender
et al. 2011; Weyl et al. 2014) may in fact be invasible
by C. gariepinus. This may have implications for the
Endangered Eastern Cape redfin Pseudobarbus afer
(Peters, 1864) (Ellender et al. 2011), which are
abundant in the headwaters of the Sundays and
Swartkops River system but predominantly limited
to non-invaded headwater refugia (Ellender et al.
2011; Kadye and Booth 2012c). The Swartkops and
Sundays River system headwater tributaries are
Fig. 2 The length frequency distributions of Clarias gariepinus
from the Blindekloof, Coerney and Klein Uie streams, Eastern
Cape, South Africa
Table 1 The number, estimated length and movement of
Clarias gariepinus observed in the Blindekloof Stream, a
headwater tributary of the Swartkops River system; and the
Coerney and Klein Uie streams, headwater tributaries of the
Sundays River system, Eastern Cape, South Africa
(FC = stream flowing and pools connected; NU = stream
not flowing and pools disconnected)
Stream month/
year
Distance from invasion source (km)
Blindekloof 2 2.25 2.50 2.75 3 3.25 3.50 3.75 4 4.25 4.50 4.75 5 5.25 Total
Nov ‘11 FC 1 1
Dec ‘11 NU 1 1
Jan ‘12 NU 0
Feb ‘12 FC 1 2 1 4
Mar ‘12 FC 2 1 1 2 1 1 1 9
Coerney 24.35 26.17 27.31 28.2 28.87 29.43 29.75 30.8
Nov ‘07 3 3
Oct ‘12 5 4 9
Feb ‘14 2 2 4
Klein Uie 10.23 11.24 17.68 19.34 19.73 19.88 20.65 21.03
Nov ‘07 2 2
Oct ‘12 0
Feb ‘14 3 3
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episodic (only flowing after heavy rainfall), and
wetted habitats contract during periods of low rainfall
into isolated refuge pools. The occupation of these
pools by C. gariepinus during a dry phase may pose a
serious threat to P. afer, as was previously demon-
strated when M. salmoides and M. dolomieu invaded
the Blindekloof Stream and extirpated all native fishes
in invaded pools (Ellender et al. 2011). The impact of
C. gariepinus invasions into headwater streams has
not been assessed and this should be a priority for
future research.
Acknowledgments The authors received financial support
from: the South Africa–Netherlands Research Programme on
Alternatives in Development (SANPAD project 10/06), the
National Research Foundation of South Africa (NRF), Rhodes
University, the DST/NRF Centre of Excellence for Invasion
Biology and the Water Research Commission (WRC Project
No. K5/1957/4, K5/2039 and K5/2261). South African National
Parks, Eastern Cape Parks Board and staff of the Groendal
Wilderness Area are thanked for access and for their logistical
assistance. Christine Coppinger, Geraldine Taylor, Terence
Bellingan, Amanda Gura and Lubabalo Mofu are thanked for
field assistance. Research was conducted following SAIAB and
SANParks animal ethics guidelines. Research permits were
issues by Eastern Cape Department of Economic Development
and Environmental Affairs (DEDEA), Eastern Cape Parks
Board and South African National Parks.
References
Abell R, Allan J, Lehner B (2007) Unlocking the potential of
protected areas for freshwaters. Biol Conserv 134:48–63
Bruton MN (1978) The habits and habitat preferences of Clarias
gariepinus (Pisces: Clariidae) in a clear coastal lake (Lake
Sibaya, South Africa). J Limnol Soc S Afr 4:81–88
Bruton MN (1979) The breeding biology and early development
of Clarias gariepinus (Pisces: Clariidae) in Lake Sibaya,
South Africa, with a review of breeding in species of the
subgenus Clarias (Clarias). Trans Zool Soc London
35:1–45
Cambray JA (2003) The need for research and monitoring on the
impacts of translocated sharptooth catfish, Clarias gari-
epinus, in South Africa. Afr J Aquat Sci 28:191–195
Ellender BR, Weyl OLF (2014) A review of current knowledge,
risk and ecological impacts associated with non-native
freshwater fish introductions in South Africa. Aquat Inva-
sions 9:117–132
Ellender BR, Weyl OLF, Swartz ER (2011) Invasion of a
headwater stream by non-native fishes in the Swartkops
River system, South Africa. Afr Zool 46:39–46
Kadye WT, Booth AJ (2012a) Integrating stomach content and
stable isotope analyses to elucidate the feeding habits of non-
native sharptooth catfish Clarias gariepinus. Biol Invasions
14:779–795
Kadye WT, Booth AJ (2012b) Detecting impacts of invasive
non-native sharptooth catfish, Clarias gariepinus, within
invaded and non-invaded rivers. Biodivers Conserv
21:1997–2015
Kadye WT, Booth AJ (2012c) Inter-seasonal persistence and
size-structuring of two minnow species within headwater
streams in the Eastern Cape, South Africa. J Appl Ichthyol
28:791–799
Moyle PB, Light T (1996) Fish invasions in California: do
abiotic factors determine success? Ecology 77:1666–1670
Radhakrishnan KV, Lan ZJ, Zhao J, Qing N, Huang XL (2011)
Invasion of the African sharp-tooth catfish Clarias gari-
epinus (Burchell, 1822) in South China. Biol Invasions
13:1723–1727
Simberloff D (2009) The role of propagule pressure in biolog-
ical invasions. Annu Rev Ecol Evol Syst 40:81–102
Van der Waal BCW (1997) Some observations on the fish life in
a seasonal sand river. S Afr J Aquat Sci 23:95–102
Van der Waal BCW (1998) Survival strategies of sharptooth
catfish Clarias gariepinus in dessicating pans in the
northern Kruger National Park. Koedoe 41:131–138
Vitule JRS, Umbria SC, Aranha JMR (2006) Introduction of the
African catfish Clarias gariepinus (Burchell, 1822) into
Southern Brazil. Biol Invasion 8:677–681
Vitule JRS, Umbria SC, Aranha JMR (2008) Record of native
amphibian predation by the alien African catfish in the
Brazilian Atlantic Rain Forest. Pan Am J Aquat Sci
3:105–107
Vitule JRS, Freire CA, Simberloff D (2009) Introduction of non-
native freshwater fish can certainly be bad. Fish Fish
10:98–108
Wartenberg R, Weyl OLF, Booth AJ, Winker H (2013) Life-
history characteristics of an age-validated established
invasive African sharptooth catfish, Clarias gariepinus,
population in a warm-temperate African impoundment.
Afr Zool 48:318–325
Weyl OLF, Finlayson B, Impson D, Woodford DJ (2014)
Threatened endemic fishes in South Africa’s Cape Floristic
Region: a new beginning for the Rondegat River. Fisheries
39:270–279
Woodford DJ, Hui C, Richardson DM, Weyl OLF (2013)
Propagule pressure drives establishment of introduced
freshwater fish: quantitative evidence from an irrigation
network. Ecol Appl 23:1926–1937
The invasibility of small headwater streams 61
123
